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WATERTOWN ARSENAL LABORATORY
MEKORANTIM REPORT Wo. WAL 710/774
Final Report on Problem H~7.233

23 sugnet 1945

Investigation of Salvaged Nl Huimete 4

Absiract

Investigation of grouns of helmeis containing varicus types -
of defects for the purpose of deisrmining whethsr or not salvags
is poseidble Indicate that:

a. Mo saivage ghould be attempted when baimets have Vs
heen exposed to heat sufficiently intensse to diasccolor the
1 rstal, 3Burning may causs carbdbida presipitatloz lading
to sevsre embritilement and conseguant impalraent o!‘
' ballistic properties.

b. Dented helmetz may be repaired withoud danger of
increasing the susceptibility to zervice aracking when '
the dants are confived to the crown of the uslmei. -
Szlvaging of donted helmets in complicated dy tho difﬁ» -
culty of gpecifying the maximuw severity of gent end B
location ¢f dents considsred repairabie.i

s. Pin holes in the chin strap loup ?alds neither o
impair the sirength of the valdment nor lower the : T
ballistic resistance to caliber .45 dulleta. Pin holes \
probably lower the morale vaive 0F the i helmat and N
should, therafore, be cerrectsd. Tis type of zepaly
mads on the subjact helzeto is ocusidercd adeguate.

1. At ths regueet of the 0f%5isa, Uhief uf Ordawcel, one hondred
and gevenrty~five (175) helusts wars forwarded to this arseasl from the

Jeffersonvilis f(uarierzaster Dapot, Jeffersoavrilis, Iadiasd for metzllurgical

.
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® and dallistic {nvestigation. The helmsts comprisod 7 otz each congieting of - :
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25 helmets showing slight evidence of axposvre zo hsanl

2 helmete seversly burnt

25 helimets having wminor dentsz

25 helmets having the maxizum dent considsred economically reparacle
25 helmets frox which the dents have bsen removed

25 helmets having pin holes st the chin strap leop

25 heimete which have Peon processsda &s combat serviceable with
pinhole condltiox corrected.

2. This arsenal was requssted to perform vwhatever tests considered
advisgble to detsrmine if the vreceding éefects in either the defeclive or
corrected condiiion impeir the combat serviceability of the hslmets.

3. Testg performad a’ this arsenal lead to the following ohservations
and conclusions:

a. Burning, by its effect upon the miorostructwre ¢ ¢ Hadfield
nanganese steel, may seriously reducs ths ballistic resistance and
ductility of helmets which have been exposed tov hest. Ho sttempt
should be made to salvage bwnt helmets for use in comdat.

b. Dentad helnetls are beiieved repairadle although i% is
recognized that the setting vp of spucifications to Limit the
maxirum size and {ype of dent whick can be repaired iz very difficult.

. M-wu

¢. A ilvited number of asid etching leats disclose that salvaged
dentea helrsts are probably no more susceptible to service cracking
then are wiisnaged helmets.

&~ Pin-holes in the chin strap loc» welds do not impair either
the strength of the weldment or its ballisiic resistance io caliber U5
builats. Pin holes would urdoubtedly lower “he morale value of the
helmet and Tor this reasop should ba corrected. Ths type of repair
gpplied to the subject helmets la coneldered satisfactory.

¢#. The sconomic aspects of salvaging damaged K1 Lelmats wuei dbe
serivusly considered. Salvage of K halmots mey net be justified in
view of the low coat of new helmets, pvarticularly if ihe salvage cost
aspproaches the initial cost o the item. .

4, The tests conducted upon tihe helumsts consisted of the following:

8 Visual examination.

b. 3Ballistic testa.

. Hetallegraphic examiratior of burnt holmets.
d. Bend ¢ts3st of burnt helmsts.

- e, Tensile tests of chin strap liop wsldment:.
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5« The details of the tests folliow:

a. Burnt Helmets. The distinction between helmets described as
showing slight evidence of exposure to heat and those describded as being seversly
burnt was apparently based upon the relative amount of surface area discolored by
oxides formed upon hsating =znd not upon the temperature to which the helmets were
hegted. It 4s impossible to estimate by viocual examination the temperature to
which the helmets were hsated; the burnt zonee in almost all cases being dull
brown in color. Some regions within the burnt zones, presumed to have been
heated to the highast temperaturss, were colored black.

Fivo olightly bwrnt helmets numbered Bl to B5 and eight severcly
burnt helmets numbersd SB1 to SBE were selected for ballistic tests with
gildirg metal jacksted caliber .45 ¥1011 pistol ball ammunition. The bullets
were Tirsd at velociiises closs t6 the ballistic iimit of the helmets, not
primarily to dstermine 37 complete penetrations would occur, but to observe if
the helmets would behave drittlely or in an otherwise unusuel manner. The
results of the ballistic tests are containaed in Tabdles IA &nd B.

Four of the five slightly burnt helmets reacted normally to the
Ballistic tests. One slightly bwrmit helmet, Fe. B5, exhibited brittleness in
the burnt zone by cracking upon heirg impacted at a velocity of 726 ft/sec.
Ons crack oscurred from the edze of the helmet through the point of impact and
3} a second crack cccurred one inch away from the peint of impacst.

Four of the severely burnt helmets exhibited normal ballistic
propsrties while the remaining four displayed greater or lesser dagrees &I
brittleness. Although ne actual ballistic limits could be determined in the
durnt zones it was cbvious Lrom the results obtaired that the ballistic
registances of dburn? areas can be consgiderably reduced from their original
levels. BHelmet §B7 suffered = complete penetration at 757 ftf/sec. through
having a 1%x1.5% piesce blowm ocut upon {impact. The appeavance of the penetra~
tion leads to tho balisf that complets penatration vould also have cccurrsd
at a considerably lower velocity.

To demonstrate the brittleness of the burnt areas, the sides
of some of the seversly burnt helmets were gripped in the jaws of a vise and
the protruding portions of the helmet shells wers struck with a hammer.
Rxtensive oracking, of which the photograph in Pigure 1A is an example,
occurred in ssveral of the burnt nelmets. In fact, the major amcunt of the
cracking in helmet SB7, Figure 1A, occurred when the vise was tightened
sufficisntly to straighten out the curvaturs at the helmet rim. Similer treat-
ment of unburnt helmets produced no cracking whatsoever even when the helmets
ware considerably deformed by the blows of the hammer.

Hotallographic examination of the burnt aereas of several of the
helmets indjcated that some of them had been heated tu well over 600°F.
Above approximately 600°F., austenitic mangenere steel is unstable with 1espmet
to precipitation of carbides along slip planes wnd grain bounderiss. Carbide
pracipitation resulis in severe embritilement of the steel, ZXExcellent data
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regarding the effect of reheating Hadfield Kanganese steel are contained in a
report antitled "Factors Involved in Stress-relief arnealing of Cold-worked
Hadfield Manganese Stesl," which was prepared for the Ordnance Depariment by
the United States Steel Corporation Besearch Lavoratory in October 1943.

Figure 1B shows the microstructure of the burnt zone of helmet SBT.
Yery extensive carbide precipitation is evident. The microstructure of the
portion of the helmet which was unaffected by the heat consists of the normal
cold-worked austenitic structure free of carbides.

In view of the possitility that any bnrnt helmet may have bsen
heated to a sufficiently high temperature (above approximately G00°F.) to

ceuse carbide precipitation and consequent smbt~fttlement, it ic deemed inadvisable

to attempt the salvage of any burnt helmet. elmets should never be allowed
to undergo combat service,

b. Dented Helmets. Visual examinantion of the dented helmets disclosed

that practically all of the dents occur in the crowa of the helmet. This would
be expected sincs the crown is at the same time the thinnest and the s .o .0
portion of the helmet. The extreme variation in the size, shape, location, and
sppearance of the dents emphasize the great difficulty of attempting to specify
the maximum dent considered repairatle.

Since the susceptibility to service cracking is the only factor
which salvaging of dented helmets is believed capable of affecting, the only
test conducted uron dented amd repaired helmets was the acid etch test. Etching
in dilute phosphoric acid until a weight loss of from 10 to 30% occurs has bsen
found to be an excellent accelerated test to determine the susceptibility of
helmets to age cracking.

Seven helmetfs confaining minor dents and seven helmets from which
the dents hed been removed were weighed and etched for 16 hours in a 5%
phosphoric acid solution. The helmets were weighed again after etching end
examined for cracks. The resulis are listed in Table II. Twec of the Cented
helmets and two of the salveged helmets developed cracks upor etchin~. The
cracks were located in the zones which have previo:sly been deter-ired as cor—
taining the highest residual stresses and beins meost susceptinle to service
cracking, namely, the visor and the vertical pe:tion of ‘the relmet body at
the back of the nelmet. The fact that tre i-cidence of cracking is no grester
in the salvaged helmetis than in the dented helmsts indicates that the salvaging
process probably does not increase the susceptibility to service cracking,
The fact that cracking upon acid setching did occur is not surprising because
the lot numbers stamped upon the inside of the helmets indicsted them to have
been manufactured several years ago at which time service cracking was a serious
problem

4Analysis of factors involved in the salvaging of repairadle dented
holmets leads to the conclusion thut the salvaging process should in no way
affect the bzllistic characteristics or the suscaptibility to service cracking.
The reduced hardnese, and consequent increased dustility, of the crown renders
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the repair of dented nhelmets a relatively safe procedurs.

¢. Helmets with pinholes in chin strap loop welds. Pin holaes
in the chin sirap loop spot weld: are presumably due t0 a too high welding
current or to a too long application of welding heat resulting in the
burring through of the loop attachment and the helmet shell. It is con-
ceivable that such pin holes may lower the ballistic resistance of the
helmet in the regicn of the spoi: welds and may also lower the strength
of the welded joints. Hence ballistic and tensile tests were conductsd
to determine if the pin hole condition required corroction before the
helmet covld be considered battleworthy and also to determine if helrets
in wnich th. pin hole condition was rectified by depositing weld metal
in the pin holss are satisfactory for bdattle uss.

The ballistic tests consisted of firing caliber .45 M1911
pistol ball ammunition into ihe region of the chin strap loop spot welds
of three groups of helmets consisting of the following:

a. Burnt helimets in which the chin sirap loop welds were
in the region unaffected by the heat

b. Helmeis wiin p'n holes in the chin strap loop welds
¢. Helmets whose pin noles were repaired by welding.

The results of the ballistic tests are contsgined in
Tables IA, B, C, and D. It is concluded that thea presence of pin holes
has 1ittle or no influsnce upsn the resistance to caliber .45 bullets.
Tne spot welds themselvss seem to lowaer the resistance to ballistie
impact somewhat regardless of whether or not pin holes occur in the welds.

Tensile tests of the spot welded loop attachment we.s
concducted by fastening the helmet in & Jig and pulling upon the loop
attachment in a direction perpendicular to the wal. of the hslmet shell.
The results of the tensile tests are contained in Taile III. Comparison
of the first and third colums of Tadble III demonstrate that pin holes
do not weaken the attachkment of the chin strap loop. The repair of
pin holes by depositing weld metal in the pin uoles causss & conslderable
incresse in the strength of the weldment over that of norsmal and
satigfactory welds.

In view of the fact that neither the balliatic resistance
nor the strengih of the welded joints seem to be impairsd by the presence
of pin holes, the question as to the need of repairing this tyse of d=lect
naturally arises. Fro¢m the morale viewpoint {t may well be uadesirable
to tolerate pin holes in the weld joint, but the entire problem of
salvaging helmets with pin holes in the chin svrap loop welds should us
reviewed.
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6. A very important fector wiic’ .St be considered is t-e rela‘ion
between tle cost of salvaing repairable helmets and tle initial cos® of
the M1 helmet, Although no information regarding the cost of salvage is
availatle at this arsenal, it is concelvable trat the salvage cost may he

sufficiently hnigh tc render the salvaging of M1 helmests meconomical.
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TaBIE I1
Acid Btching Tests of Dentsd and Repaired Helmets
{Etched in 5% Phosploric Acid for 16 Hours)

1. Dented Helzets (Minor Dents)

Helmet Welight befors Height after Welght Loss

No. Etehning ~ Grams Biching -~ Grams % Cracks Developed
1 263 618 35.8 none
2 1027 g0l 12.0  Body cracks at 155", 196°
3 986 786 20.3 none
4 987 g28 T 16.1 Small edge crack at 18°
p) 872 853 12.2 none
6 975 685 29.8 none
‘ T 926 613 33.8 none

IY. Helmets from Wrich Denis Were Removed

Helmet VWeight hefore Waight after Weight Loss

Ho. Xtcrhing - Grams Etching - Grams % Cracks Develoved
1. 965 567 k1.2 none
2 1027 598 4.8 _ nona
: 3 g61 656 31.7 Body cracks at 175%, 218°
4 880 630 22.7 Smell sdge crack at 333°
5 ' 1010 gl 16.7 none
. 5 988 831 15.9 nene
x 1 971 750 22.8 nons
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